MIXING ARRANGEMENT FOR ATOMIZING NOZZLE IN MULTI-PHASE FLOW 

The present invention relates to a mixing assembly for an atomizing nozzle used in multi- 
phase flow and in particular to such an assembly that would be used with oil or bitumen and 
steam being fed to a coker. 
BACKGROUND OF THE INVENTION 

When bitumen or heavy oil is extracted from tar sands it is not initially in condition for 
further processing into usable petroleum products. Usually the bitumen is processed in a reactor 
or a coker, in which atomized droplets of the bitumen in a carrier such as steam are heated to 
produce low-boiling petroleum products. The efficiency of the coking process is enhanced if the 
bitumen droplets are of a uniform small diameter, of the order of 300 //m. In a typical 
installation the bitumen is introduced into a flowing stream of high pressure steam and preferably 
is broken down into bubbles or particles as the 2-phase mixture of bitumen and steam flows 
along a mixing apparatus which then pass through an atomizing nozzle into the interior of the 
reactor or coker for further processing therein. 

One installation for achieving atomized bitumen in steam is found in US Patent No. 
6,003,789. It uses a mixing assembly or apparatus as is illustrated in Figure 1 therein, wherein 
an atomizing nozzle 20 is mounted in the wall of the reactor, a cylindrical conduit 24 is attached 
to the nozzle and a pair of parallel conduits 25 and 26 are provided for introducing steam and 
bitumen respectively into the main conduit 24, conduit 26 being upstream of conduit 25. It will 
be noted that the conduits 25 and 26 meet the conduit 24 generally at right angles with respect 
thereto. A flow-accelerating nozzle 22 is provided in the conduit 24 between the jxmctures of the 
steam and bitumen conduits 25 and 26 with the conduit 24. The nozzle 22 is intended to increase 
the flow velocity of the steam to improve break-up of the bitumen into bubbles or droplets. A 
valve is shown at the end of the conduit 24 opposite the atomizing nozzle 20 and downstream of 
the steam conduit 25, for use in introducing a cleaning rod into the conduit 24. The rod is used 
to clear blockages within the conduit 24 and the atomizing nozzle 20. It will be apparent that the 
minimum orifice size of the nozzle 22 cannot be less than the diameter of the cleaning rod, since 
the nozzle 22 is located within the main conduit 24. Otherwise, the cleaning rod could not pass 
along the full length of the main conduit. This places a limitation on the efficiency of the enth-e 
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apparatus. 

The above installation is an improvement over previous installations but it is not without 
its faults, occasioned primarily by the manner in which the conduits 24, 25 and 26 are arranged 
relative to each other. There are problems with flows because of the 90** relation between the 
5 conduit 24 and each of the conduits 25 and 26. Furthermore, there are problems in arranging the 
conduits in and around the reactor due to the relative positioning of the various conduits. 
SUMMARY OF THE INVENTION 

The present invention is intended to overcome the problems associated with the mixing 
arrangement of the above-identified US patent. This is achieved through re-aligning the bitumen 

10 and steam conduits so that they meet the main conduit at acute angles with respect thereto and by 
removing the flow-accelerating nozzle from the main conduit. There is a smoother transition of 
bitumen and steam as these products pass from their respective conduits into the main conduit. 
Also, with the present invention the flow-accelerating nozzle is moved to the steam conduit and 
is located therein close to the point at which that conduit meets the main conduit, such that the 

15 steam is already accelerating as it enters the main conduit rather than after entering as with the 
prior art. There is a dramatic improvement in flow characteristics with the mixing arrangement 
of the present invention as compared to the prior art and the resultant atomized bitumen that 
enters the reactor is more easily processed into appropriate petroleum products than with the 
apparatus of the prior art. 

20 The present invention, like the prior art, utilizes the formation of small bubbles of gas 

(steam) to carry the liquid phase (bitumen) to the atomizing nozzle. The present invention will 
enhance the formation of bubbles in such multi- or 2-phase flow. Specifically, with the 
arrangement of the present invention there is enhance formation of bubbles less than 2mm in 
diameter that are evenly distributed within the flow downstream of the point at which the gas and 

25 liquid phases are mixed. By providing a "bubbly flow" with this arrangement, the liquid is 
dispersed and is more easily atomized than with other types of 2-phase flow, such a slug or 
annular flow. The bubbles of gas in the liquid enhance downstream atomization through the exit 
orifice by the nature of the gas phase compressibility. By producing a uniform distribution of 
fine bubbles in the flow, the liquid is broken down into small webbed or ligament structures that 
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are more easily broken into droplets when the gas decompresses at the nozzle exit. The 
uniformity of bubble distribution within the liquid ensures a near constant (with respect to time) 
gas-to-liquid mass ratio thereby giving consistent atomization (or droplet size). The flow has a 
minimal pulsing in it, thereby minimizing variations in the atomization over any period of time. 
5 This is in contrast to other designs of 2-phase flow mixing devices that may or may not produce 
a bubbly flow. For example, if there is a slug type flow, a large variation (with time) of the gas- 
to-Uquid mass ration at the nozzle tip can result, causing significant degradation in atomization 
efficiency. 

It may be noted that the present invention was developed for applications in which a low 

10 gas-to-liquid mass ratio is used, to minimize costs for compressible gas phase use. Typically, the 
present invention works well for gas-to-liquid (GLR) mass ratios of 0.5% or higher. In actual 
tests, the GLR has been used as high as 1.5% without encountering a change to slug flow. 

In summary of the above, the present invention may be considered as providing an 
arrangement for feeding a mixture of bitumen and steam to a reactor for fiirther processing of 

15 atomized bitumen within the reactor comprising: an atomizing nozzle connected to a wall of the 
reactor and opening to an interior of the reactor, the nozzle being adapted to atomize bitumen 
carried by steam into droplets suitable for such further processing; a main conduit having a main 
axis, connected at a proximal end to the nozzle and including openable closure means at a distal 
end thereof; a first feed conduit having a first axis and connected to a source of bitumen, the first 

20 conduit being in a first plane containing the main and first axes, the first feed conduit joining the 
main conduit at an angle in the range of 30° to 60° as defmed between the main and fu:st axes 
downstream of the junction between the mam and first conduits; a second feed conduit having a 
second axis and connected to a source of steam, the second conduit being in a second plane 
containing the mam and second axes, the second feed conduit joining the main conduit 

25 downstream of the junction between the main and first conduits at an angle in the range of 20° to 
40° as defined between the main and second axes downstream of the junction between the main 
and second conduits; and flow-accelerating nozzle means positioned in the second feed conduit 
upstream of the juncture between the main and second conduits. 

The present invention may also be used with oil and steam processing equipment and can 
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be used with existing atomizing nozzles already provided within a reactor. Thus the present 
invention may also be considered as providing a mixing arrangement for feeding a mixture of oil 
and steam to an atomizing nozzle coimected to a reactor for further processing therein, 
comprising: a main conduit having a main axis, for connection at a proximal end thereof to the 
5 nozzle and including openable closure means at a distal end thereof; a first feed conduit having a 
first axis and connected to a source of oil, the first conduit being in a first plane containing the 
main and first axes, the first feed conduit joining the main conduit at an angle in the range of 30° 
to 60° as defined between the main and first axes downstream of the jxmction between the main 
and first conduits; a second feed conduit having a second axis and coimected to a source of 

10 steam, the second conduit being in a second plane containing the main and second axes, the 
second feed conduit joining the main conduit downstream of the junction between the main and 
first conduits at an angle in the range of 20° to 40° as defined between the main and second axes 
downstream of the junction between the main and second conduits; and flow-accelerating nozzle 
means positioned in the second feed conduit upstream of the juncture between the main and 

1 5 second conduits . 

The invention furthermore can be used with liquid processing equipment in which a 
heavier, incompressible, fluid is carried by a lighter, compressible, fluid to a location for further 
processing. Such invention thus may be considered as providing a mixing arrangement for 
feeding a mixture of a heavier, generally incompressible, fluid and a lighter, compressible, fluid 

20 to a location for further processing therein, comprising: a main conduit having a main axis, for 
connection at a proximal end thereof to processing apparatus at the location; a first feed conduit 
having a first axis and connected to a source of the heavier fluid, the first conduit being in a first 
plane containing the main and first axes, the first feed conduit joining the main conduit at an 
angle in the range of 30° to 60° as defined between the main and first axes downstream of the 

25 junction between the main and first conduits; a second feed conduit having a second axis and 
connected to a soxirce of the lighter fluid, the second conduit being in a second plane containing 
the main and second axes, the second feed conduit joining the main conduit downstream of the 
junction between the main and fu^st conduits at an angle in the range of 20° to 40° as defined 
between the main and second axes downstream of the junction between the main and second 
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conduits; and flow-accelerating nozzle means positioned in the second feed conduit upstream of 
the juncture between the main and second conduits. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figure 1 represents a prior art mixing arrangement as is illustrated in US Patent No. 

6,003,789. 

Figure 2 is a perspective view of a mixing arrangement in accordance with the present 
invention. 

Figure 3 is an enlarged cross-sectional view of the mixing arrangement of the present 
10 invention at the junctions of the bitumen and steam conduits with the main conduit. 

Figures 4A and 4B show by way of end views two of many possible relationships among 
the conduits of the mixing arrangement. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

15 Figure 1 as discussed above illustrates a prior art mixing arrangement m which both the 

bitumen and steam conduits (26, 25) meet the main conduit 24 at right angles, the bitumen and 
steam conduits being generally parallel to each other. 

Figure 2 illustrates a mixing arrangement 30 in accordance with the present invention, as 
utilized with a reactor or coker 32. The mixing arrangement of this invention includes a main 

20 conduit 34 connected at a proximal end thereof to an atomizing nozzle 36 that is fixed in a wall 
38 of the reactor. The atomizing nozzle 36 does not form a part of the present invention and can 
be one similar to the one disclosed in the aforementioned US Patent No. 6,003,789. At the distal 
end of the conduit 34 is a valve or closure member 40 which can be opened to admit a cleaning 
rod R, used to push any bitumen that might be clogging the conduit 34 through the conduit and 

25 the atomizing nozzle into the reactor. Normally the closure member 40 will be closed during 
operation of the mixing arrangement. 

There are two supply or feed conduits connected to the main conduit 34, namely a first or 
bitumen feed conduit 42 and a second or steam feed conduit 44. Conduit 42 has a longitudinal or 
first axis 46 and conduit 44 has a longitudinal or second axis 48. The main conduit has its own 
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longitudinal or main axis 50. The conduits are set out such that the main and first axes 50, 46 are 
in a first plane Pi and the main and second axes are in a second plane P2. Furthermore, as seen in 
the drawings the first conduit 42 intersects the main conduit 34 at an acute angle « defined 
between the main and first axes downstream of the junction between the first and main conduits, 
5 while the second conduit 44 intersects the main conduit 34 at an acute angle fi defined between 
the main and second axes downstream of the junction between the second and main conduits. It 
has been found that the angle « preferably will be within the range of 30 to 60° while the angle 
6 will be within the range of 20° to 40°. For optimum performance of the mixing arrangement 
of this invention the angle « will be about 45° and the angle 13 will be about 30°. 

10 Depending on the equipment surroxmding the reactor 32 the relationship between the 

planes Pi and P2 can be set so as to minimize any interference between the conduits 34, 42 and 
44 and such surrounding equipment. Figures 4A and 4B show two possible relationship that 
could be utilized, it being understood that any number of angular relationships between the 
planes is possible without detracting from the performance of the mixing arrangement. In Figure 

15 4 A the planes Pi and P2 are shown as being coplanar, arranged on opposite sides of the conduit 
34. In Figure 4B the planes Pi and P2 are shown as being arranged at, generally speaking, 90° to 
each other. 

The interior of the conduit 34 in the vicinity of the junctions of the feed conduits 42 and 
44 therewith is shown in Figure 3. There it will be seen that the second conduit 44 is provided 

20 with a flow-accelerating nozzle 52 in the form of a reduced diameter section 54 adjacent the 
entrance from the conduit 44 to the conduit 34. This nozzle accelerates the pressurized steam as 
it enters the conduit 34 so that it will be more effective in carrying bitumen from the conduit 42 
towards the atomizing nozzle 36. Since the nozzle 52 is not located within the main conduit 34 
the orifice size thereof is not limited physically as with the prior art arrangement and thus the 

25 orifice can be sized for optimum gas bubble production. 

Figure 3 also illustrates the dimensional relationship among the components of the 
present invention in the vicinity of the junctions of the feed conduits 42 and 44 with the main 
conduit 34. In one advantageous version of the present invention each of the main and first feed 
conduits has a diameter Di, D2 respectively of about 38mm and the second feed conduit has a 
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diameter D3 of about 24nmi. The accelerating nozzle 52 had a diameter D4 of about 10mm. The 
separation S between the points on the main axis 50 intersected by the first axis 46 and the 
second axis 48 is about 23mm. It can therefore be seen that the two feed conduits intersect the 
main conduit much closer than in the prior art arrangement and this also contributes to a more 
5 efficient operation of the mixing arrangement of the present invention. In more general terms, 
for scaling purposes, the diameter D2 of the first feed conduit 42 should be substantially equal to 
the diameter Di of the main conduit 34, the diameter D3 of the second feed conduit 44 should be 
about 60% to 65% of the diameter of the first feed conduit, and the diameter D4 of the 
accelerating nozzle should be about 42% of the diameter of the second feed conduit. The 

10 diameter D4 of the accelerating nozzle 52 should also be selected so that the mean gas velocity of 
the compressible fluid exiting the nozzle is at least 24.4 m/sec. 

It should also be understood that the present invention is not restricted to use with 
bitumen and steam. It can be used in any situation in which a heavier fluid component is to be 
carried in and by a lighter fluid or gas component to a final location for fiirther processing of the 

15 heavier component. The present invention could be used, for example, for the transportation of 
oil in water or steam if desired. The gas component (the second fluid) could be, for example, 
steam (as described), pentane, butane, propane, air or a mixture thereof, depending on the end 
use application. Some of the organic gases have been considered for coker reactor operations as 
the compressible gas phase since there is often an abundance of such gases at the plant site and, 

20 in fact, these gases can be used in a recycle operation that minimizes production of 
environmental emissions. Of importance is the fact that one phase is incompressible and that it 
is being dispersed by the mtroduction of a second, compressible, phase for conditioning the flow 
for atomization that is effected downstream of the zone at which the gas is mixed with the liquid. 
As indicated above, the present invention does not rely on any particular nozzle tip for 

25 effective operation. The invention will work with the nozzle tip described in the previously- 
mentioned US patent or with any other nozzle designed for atomizing multi-phase flow. The 
present invention will enhance the efficiency of any such nozzle, allowing for the flow to be 
tuned for optimal performance. 

Other modifications to the present invention may present themselves to a skilled person 
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in the art. The protection to be afforded the present invention is to be determined from the scope 
of the claims appended hereto. 

5 



8 



